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Preface 



In the area of histological studies the requirements for a useful 
laboratory handbook and textbook are both diverse and exceedingly 
complex. The needs of beginning students in premedical courses, of 
medical technicians in training, of zoology majors, and of other stu- 
dents are similar but not identical. The needs of research assistants 
and of experienced tissue technicians at work in the field resemble, 
but are not identical with, the needs of the students. The author has 
tried to keep these diversities in mind while pursuing her two major 
goals: (1) to familiarize the student with basic — standard — procedures 
and introduce him to specialized technics, and (2) to furnish the work- 
ing technician with a prop during the first job and an occasional 
reference point in later work, until consulting specialized references 
and journals has become a habit. 

Basic procedures are applicable to both normal and pathological 
tissues in zoological and medical fields. Because most histological re- 
actions follow a logical and specific sequence, a simplified discussion 
of principles has been written for many of the technics. Then perhaps 
an understanding of each step can prevent mistakes during first trials 
of a method. There are an infinite number of problems and blunders 
which can plague a tissue technician. Suggestions concerning such 
stumbling blocks and some of their remedies may forewarn the novice 
and be of assistance to others. 

This book is not intended to form a complete “reference”; the 
experienced worker knows of numerous such tomes as well as journals 
that specialize in biological subjects. However, special methods ol 
wide usage and exceptional merit are included, particularly those 
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methods that are not overly complicated or unpredictable. It is hoped 
that the technician will watch the literature for modifications and im- 
provements of “standard” technics; in this way his work can be kept 
up to date and perhaps simplified. Methods for fixation are fairly well 
established, and only occasional variations appear from time to time. 
The section on fixation presented here is as modern as the author can 
make it, and it includes a brief description of the chemicals employed. 
The perfecting of old staining technics, as well as the development 
of new ones, continues to appear in the literature; an attempt has been 
made to incorporate the latest procedures and modifications in this 
book. The discussion of fixation and its solutions and of dyes and their 
action is given for the benefit of those who cannot, or will not, seek out 
the source material. 

Certain important fields are not covered in this book either because 
they are not widely used methods or because they are considered too 
highly specialized. A few of these fields are: vital staining — the selec- 
tive dyeing of certain isolated cells while alive; tissue transplantation 
— transferring a tissue from its normal location to a different one, 
where it can be observed more easily; tissue culture methods — growing 
cells in artificial habitats; tracer technics — using radioactive isotopes 
which can be traced in the body; and microincineration — the study 
of minerals in the tissue. However, three fields of increasing popu- 
larity and importance are introduced — autoradiography , histochemical 
methods , and electron microscopy. The coverage on these three sub- 
jects is held to a minimum, but appended references and bibliography 
can help a technician find more extensive source material. 

A logical arrangement of special staining methods is hard to come 
by, so the author has followed her own inclinations. Some sections 
are organized by related tissues, others by related methods. The latter 
was considered desirable for such processes as silver impregnation, 
metachromasia, and methods using Schiffs reagent. It has been im- 
possible to draw a hard and fast line, but it is hoped that cross- 
referencing and indexing will provide the answers. The author has 
had personal experience with most of the methods, and has also tried 
to include modifications which might appeal to other adventurous 
technicians. 

The book is divided into four parts: I. General procedures and con- 
siderations which every tissue technician should know and understand. 
This part will be of particular value in a beginners’ course; //. Special 
staining methods for most tissues. The idea here is that an instructor 
can choose a few favorites for teaching purposes to round out a course, 
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while the professional technician can find most of the special methods 
required on the job; III. Special procedures, special in the sense that 
they are not common to every lab, but are important to many. Dis- 
cussion is far from complete for many of them, but references are 
appended. IV. Laboratory aids, general information handy to have in 
any lab. The list of references includes those occurring in the text 
and others whose titles may lead an occasional technician to otherwise 
undiscovered source material. 
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Fixation 



When a tissue is removed from a living condition, several changes are 
initiated in its cells. Bacteria begin to multiply and destroy them. Also 
autolysis (self-digestion), a lysis or dissolution of the cells by contained 
enzymes, sets in. The enzymes appear to reverse their action; instead of 
synthesizing amino acids into cell proteins, they begin to split proteins 
into amino acids. These amino acids diffuse out of the cells, and as a re- 
sult proteins no longer are coagtilable by chemical reagents. The above 
changes lead to so-called post-mortem conditions. For purposes of lab- 
oratory examination it is necessary to treat the tissue to prevent these 
post-mortem effects; it is also necessary to convert the cell parts into 
materials that will remain insoluble during subsequent treatment, and 
to protect the cells from distortion and shrinkage when subjected to 
fluids such as alcohols and hot paraffin. Further important objectives 
of tissue preparation are to improve the staining potential of tissue 
parts and to change their refractive indices toward improved visibility. 
The procedure used to meet the above requirements is called fixation 
and the fluids are called fixatives or fixing solutions. Fixing solutions 
should meet the following principal objectives: 

1. Penetrate rapidly to prevent post-mortem changes. 

2. Coagidate cell contents into insoluble substances. 

?>. Protect tissue against shrinkage and distortion during dehydration, 
embedding and sectioning. 

1. Allow 7 cell parts to become selectively and clearly visible by means 
of dyes and improved refractive indices. 
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Fixation (chap. 1) 



In some cases the fixative may have a mordanting (combining insolu- 
bly) effect on the tissue, thereby bringing the two together in a staining 
action and assisting in the attachment of dyes and proteins to each other. 

Tissues must be placed in fixatives as soon as possible after death. If, 
however, delay is unavoidable, they should be placed in a refrigerator, 
thus reducing autolysis and putrefaction to a minimum until the fixa- 
tive can be applied. 

A single chemical seldom possesses all of the requisite qualities of a 
good fixative; a fixing solution therefore is rarely composed of only one 
chemical. A familiar exception is formalin. Other reliable fixatives con- 
tain one or more chemicals to coagulate the proteins of the cells, and 
one or more chemicals to render the proteins insoluble without actu- 
ally coagulating them. Coagulant fixatives change the spongework of 
proteins into meshes through which paraffin can easily pass, thus form- 
ing a tissue of proper consistency for sectioning. In addition, the pro- 
tein linkages are strengthened by coagulants against breaking down 
during later procedures. Used alone, however, coagulants have disadvan- 
tages in that they may form too coarse a network for the best cytological 
detail. Also, coagulation tends to induce the formation of artificial 
structures (artifacts). Noncoagulant fixatives produce fewer artifacts 
but if used alone have the disadvantage of giving the tissue a poor con- 
sistency for embedding. It therefore follows that the ideal fixing fluid is 
a combination of one or more protein coagulants and one or more non- 
coagulants. The most efficient solutions are of this nature, and combine 
if possible all types of action. This excludes those designed for the fixa- 
tion of some specific cell component, such as chromosomes, glycogen, 
mitochondria. 

Because they contain ingredients which act upon each other, many 
mixtures are most efficient when made up fresh. However, the individ- 
ual parts usually can be made up as stock solutions and mixed together 
immediately before use. Among the frequently used chemicals are form- 
aldehyde, ethyl alcohol, acetic acid, picric acid, potassium dichromate, 
mercuric chloride, chromic acid and osmium tetroxide. Since every 
chemical possesses its own set of advantages and disadvantages, each so- 
lution component should, whenever possible, compensate for a defect 
in some other component. For example, in the case of the widely used 
fixative, Bonin's solution: 1. Formaldehyde fixes the cytoplasm but in 
such a manner that it retards paraffin penetration. It fixes chromatin 
poorly and makes cytoplasm basiphilic. 2. Picric acid coagulates cyto- 
plasm so that it admits paraffin, leaves the tissue soft, fixes chromatin 
and makes the cytoplasm acidophilic, but it shrinks and makes chroma- 



Chemicals Commonly Used in Fixing Solutions 



tin acidophilic. 3. Acetic acid compensates for both the latter defects. 

No hard and fast rule exists concerning the choice of a fixative; gen 
erally selection is determined by the type of investigation. If there is 
any question as to future plans for a tissue, formalin is a safe choice; it 
permits secondary or post-fixation. Some suggestions can be included. 
If over-all anatomy of the tissue is satisfactory, the routine fixatives can 
be used: formalin , Susa , Zenker , Helly , or Bonin . Special fixatives for 
cell inclusions are Carnoy , Flemming, Champy , Helly , Schaudinn , 
Re gaud , and others. For histochemistry the researcher is limited to 
formalin, acetone , or ethyl alcohol . 

Most fixing solutions are named after the person originating them; 
Zenker and Bonin are examples. If the same man originated more than 
one combination of chemicals, additional means of designating them 
have been used. Flemming’s weak and strong solutions, Allen’s B3, B15 
series, etc. Susa fluid was named by Heidenhain after the first two let- 
ters of two words: sublimate and sdure. 



Chemicals Commonly Used in Fixing Solutions 
Acetic Acid , CH 3 COOH 

Acetic acid is called glacial acetic acid because it is solid at tempera- 
tures below 17°C. It can be considered one of the oldest fixatives on 
record — in the 18th century vinegar (4-10% acetic acid content) was 
used to preserve Hydra . In modern technics it is rarely used alone but is 
a frequent component of fixing solutions. Its efficient fixing action on 
the nucleus and its rapid penetration make it an important part of good 
fixatives. It fixes the nucleoproteins, but not the proteins of the cyto- 
plasm. Acetic acid does not harden the tissue; actually it prevents some 
of the hardening that may without it be induced by subsequent alcoholic 
treatment. In some technics, however, acetic acid must be avoided be- 
cause it dissolves out certain cell inclusions, such as Golgi and mito- 
chondria. Some lipids are miscible with acetic acid, or actually soluble 
in it. It neither fixes nor destroys carbohydrates. 

Acids in general cause swelling in tissues — in collagen in particular — 
by breaking down some of the cross-linkages between protein molecules 
and releasing lyophil radicles which associate with water molecules. This 
swelling in some cases may be a desirable property of acids, counteract- 
ing and preventing some of the shrinkage caused by the majority of 
fixing chemicals. In order to curtail continued swelling after fixation 
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with acetic or trichloracetic acid solutions, transfer the tissues to an al- 
coholic washing solution in preference to water. 

Acetone, CH^COCH^ 

Acetone is used only for tissue enzymes, such as phosphatases and 
lipases. It is used cold and penetrates slowly. Only small pieces of tis- 
sue will be fixed in this chemical. 



Chromium Trioxide ( chromic acid), Cr0 3 

Crystalline chromium trioxide forms chromic acid when added to 
water, usually a 0.5% solution. It is a valuable fixative, but rarely used 
alone. It penetrates slowly, hardens moderately, causes some shrinkage, 
forms vacuoles in the cytoplasm and often leaves the nuclei in abnormal 
shapes. It is a fine coagulant of nucleoproteins and increases the stain- 
ability of the nuclei. It oxidizes polysaccharides and converts them into 
aldehydes — an action forming the basis of Bauer's histochemical test 
for glycogen and other polysaccharides. Better fixation, however, is ob- 
tained with acetic acid, which will fix water-soluble polysaccharides; 
later these can be post-treated with chromic acid. Fat can be made in- 
soluble in lipid solvents by partial oxidation with chromic acid, but 
the action can go too far. Potassium dichromate, which reacts in a simi- 
lar fashion, is safer and is therefore more commonly used. 

Excess chromic acid must be washed out, because later it can be re- 
duced (undesirably, for our purpose) to green chromic oxide, Cr 2 Oo. 
Formalin and alcohol are reducing agents and must not be mixed with 
chromic acid until immediately before use. 



Ethyl Alcohol (ethanol), CJi^OH 

Ethyl alcohol hardens tissue but causes serious shrinkage. It is a 
strong cytoplasmic coagulant, but does not fix chromatin. Nucleic acid 
is transformed into a soluble precipitate and is lost in subsequent solu- 
tions and during staining. Alcohol cannot be a fixative for lipids be- 
cause it does not make them insoluble in lipid solvents. It does not fix 
carbohydrates, but neither does it extract mucins, glycogen, iron and 
calcium. Alcohol seldom is used alone; occasionally it is used alone for 
fixation of enzymes. 
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Formaldehyde , FiCHO 

Formaldehyde is a gas sold as a solution in water (approximately 40% 
in content), in which form it is known as formalin. The use of the term 
formol is incorrect, since a terminal -o/ designates an alcohol or phenol. 
Unless the author of a technic specifies that the dilution of his formalin 
is in terms of actual formaldehyde content, dilutions are to be made 
from the commercial product; i.e., a 10% solution would be 10 volumes 
of formalin (40% formaldehyde saturated aqueous solution) to 90 vol- 
umes of water. 

Formaldehyde on standing over long periods of time may either pol- 
ymerize to form paraformaldehyde, or oxidize into formic acid. A white 
precipitate in a stock solution indicates polymerization; the solution 
has been weakened. Cares (19-15) suggests: shake the solution to suspend 
the sediment. Pour into Mason jars and seal them tightly. Autoclave 
at 15 lbs. for thirty minutes. Cool. This should produce a clear solution. 
Dilute solutions (such as 10%) tend to oxidize more readily than do 
stock solutions (40%). Marble chips may be left in the bottom of diluted 
stock jars to keep the solution neutralized. 

Formalin progressively hardens tissue, but is a mild coagulant of 
proteins; in fact it is so weak that it might be considered a noncoagu- 
lant. It neutralizes basic groups and increases the acidity of proteins. 
In consequence, formalin-fixed proteins will stain well in basic dyes, 
but less well in acidic dyes. Formalin has a moderate speed of penetra- 
tion but its action is slow and somewhat incomplete unless tissues are 
left in it for some time. It reacts most efficiently at pH 7.5-8. Although 
formalin preserves the cells adequately it may not protect them com- 
pletely, because it requires a long time to harden the tissue. Shrinkage, 
therefore, can take place if dehydration, clearing and infiltration are 
initiated before the hardening action is complete. Since these processes 
are not employed in the freezing technic, formalin is a satisfactory fixa- 
tive for this method. 

Formalin is a good fixative for lipids; it does not dissolve lipoids or 
fats. It does not fix soluble carbohydrates and it does dissolve glycogen 
and urea. 

The so-called formalin pigment may appear in tissues rich in blood. 
This pigment is formed when hematein of the hemoglobin has escaped 
from red blood corpuscles before or during death and reacts with the 
formalin. It may be prevented by a short period of fixation in formalin 
followed by a prolonged soaking in 5% mercuric chloride. Once 
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formed, however, the pigment can be removed in a solution of 1% po- 
tassium hydroxide in 80% alcohol or picric acid dissolved in alcohol 
(Baker, 1958). (See also page 244.) 

Mercuric Chloride (corrosive sublimate), HgCU 

Mercuric chloride usually is applied as a saturated aqueous solution 
(approximately 7%) and is acidic in action, owing to the release of H + 
and Cl - ions in a water solution. It is a coagulant of proteins, both 
cytoplasmic and nucleic. It penetrates reasonably well, but not as rap- 
idly as acetic acid. It shrinks less than the other protein coagulants, 
hardens moderately, and distorts the cells less than other fixatives. It 
is excellent for mucin. 

One disadvantage of mercuric chloride is that it deposits in the tissue 
a precipitate of uncertain chemical composition. This precipitate is 
crystalline, perhaps being mercurous chloride (needle shaped) and me- 
tallic mercury (amorphous, irregular lumps). It may be removed by 
iodine, the following reaction probably taking place: 2HgCl -f- I 2 = 
HgCU + HgT. Any metallic mercury also will be converted into mer- 
curic iodide. The latter is soluble in alcohol, but the brown color of 
iodine may remain in the tissue. This can be removed by prolonged 
soaking in 70% alcohol, or more quickly by treatment with 5% sodium 
thiosulfate, aqueous. A further disadvantage is that mercuric chloride 
crystals inhibit adequate freezing, making it difficult to prepare good 
frozen sections. 

Most stains react brilliantly on tissue fixed in mercuric chloride. 
Chromatin will stain strongly with basic stains and lakes; cytoplasmic 
structures will react equally well with acidic or basic stains. 

Osmium Tetroxide, OsO± 

In solution, usually 1% aqueous, osmium tetroxide takes up a mole- 
cle of water and becomes H 2 0s0 5 , erroneously called osmic acid. In 
solution ionization is so minute that the p H is almost exactly that of 
the distilled water used in making the solution. The substance is chem- 
ically neutral, is not an acid and cannot be isolated. (Osmic acid would 
be H 2 0s0 4 .) Baker (1958) suggests that its name might be hydrogen 
per-persomate. The solution penetrates poorly and leaves tissue soft, 
later becoming so friable in paraffin that tissues section badly. Osmic 
acid preserves the cytoplasm and nuclei, but while it increases the stain- 
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ability of chromatin in basic dyes it reduces the stainabil ity of the 
cytoplasm. Fats and other lipids reduce osmium tetroxide, or combine 
with it to form a dark compound. Thus fat sites become black and in- 
soluble in absolute alcohol, cedar oil and paraffin; but they remain 
soluble in xylene, toluene and benzene, and if left too long in xylene 
or toluene (more than 5 minutes) they become colorless. Osmic acid is 
not a fixative for carbohydrates. 

When action is complete excess osmic must be washed out of the tis- 
sue or it may be reduced during treatment in alcohol, forming an in- 
soluble precipitate. Since osmium tetroxide is also easily reduced by 
light and heat, it must be kept stored in a cool and dark place. 

Picric Acid , C c H 2 (N0 2 )/)H 

Picric acid is usually used in a saturated aqueous solution, 0.9-1. 2%. 
It is an excellent protein coagulant, forming protein picrates having a 
strong affinity for acid dyes. However, it penetrates slowly, causes ex- 
treme shrinkage, and offers no protection against subsequent shrink- 
age. (There is no tendency to swell in this case, because of acidity.) The 
shrinkage has been found to be close to 50% of the original tissue vol- 
ume by the time it lias undergone paraffin infiltration. It does not dis- 
solve lipids, does not fix carbohydrates, but is recommended as a fixative 
for glycogen. It is a desirable constituent of many fixing fluids because 
it does not harden, but it cannot be used alone because of the unfavor- 
able shrinkage it produces. Acetic acid frequently accompanies it to 
counteract this poor quality. 



Potassium Bichromate , K 2 Cr 2 0 7 

This substance, often incorrectly called potassium bichromate (which 
would be potassium hydrogen chromate), is a noncoagulant of proteins, 
making them more basic in action, but it dissolves nucleoproteins. 
Chromosomes, therefore, are poorly shown, if at all. Potassium dichro- 
mate leaves tissues soft and in poor condition for paraffin sectioning. 
One valuable use, however, is the fixation of mitochondria (as with 
Champy fluid); the lipid components are made capable of resisting so- 
lution in lipid solvents. After fixation, tissues may be soaked in potas- 
sium dichromate to insure that lipids are well preserved. 

Potassium dichromate can be mixed with mercuric chloride, picric 
acid and osmic acid, but it reacts with formalin and must not be mixed 
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with it until immediately before use. If acetic acid is added, mitochon- 
dria are lost, but chromosomes are shown better than when the chro- 
mate is used alone. It usually is necessary to wash out the dichromate 
with water in order to prevent the formation of an insoluble precipi- 
tate of Cro0 3 ; this will form if the tissue is carried directly to alcohol. 

Trichloracetic Acid , CCL,COOH 

This acid never is used alone and is similar to acetic acid in action. 
It swells tissues and has a slight decalcifying property. As was noted 
under acetic acid, washing should be done in alcoholic solutions. 

“Indifferent Salts” 

Baker (1958) applied this term to a group of chemicals (sodium sul- 
fate, sodium chloride, and others) the action of which is not clearly 
understood. Zenker’s and Helly’s solutions often have sodium sulfate 
added. Sometimes sodium chloride is added to formalin or mercuric 
chloride fixatives, particularly when marine forms are to be fixed. 

References : Baker (1945, 1958). 



Maceration (a prefixation process) 

There are occasions when tissues are extremely dense and cannot be 
manipulated while in fresh condition. It may be desirable to separate 
the individual fibers of a muscle or nerve, and this is simplified by mac- 
eration. The fluids used are not fixing solutions, so maceration usually 
must be followed by some form of fixation. The following are various 
suggestions for macerating fluids. (Hale, 1958) 

1. 30% alcohol, 24 hours or longer (3-4 days). 

2. formalin, 1 part in 10% salt (NaCl) solution, 100 parts: 24 hours or 
longer. 

3. 10% sodium chloride: 24 hours or longer. 

4. chromic acid , 0.2% aqueous: 24 hours. 

5. nitric acid, 20% aqueous: 24 hours. 

6. boric acid, saturated solution in saline (sea water for marine forms), 
plus 2 drops Lugol’s iodine solution (page 410), each 25 ml.: 2-3 days. 

7. potassium hydroxide, 33% aqueous. Good for isolation of smooth 
and striated muscle. After 1-1% hours, tease apart with needles. 



Fixing the Tissue 
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8. Maceration by enzymes , good for connective tissue, reticulum. ( Gali - 
gher, 1934) 

Place frozen sections in: 

pancreatin siccum 5.0 gm. 

sodium bicarbonate 10.0 gm. 

distilled water 100.0 ml. 

wash thoroughly and stain. 



Fixing the Tissue 

First consideration in the choice of fixative should lie in the purpose 
to be served in preparing the tissue for future use. Is a routine all-pur- 
pose fixative adequate or must some special part of a cell be preserved? 
For example: an aqueous fixing fluid will dissolve out glycogen, and an 
alcoholic one can remove lipids. Thought should be given to the rate 
of penetration of the fluid and the density of the tissue to be fixed. Ob- 
viously an extremely dense tissue might not fix well in a fixative which 
penetrates slowly and poorly. With fixatives of poor penetration, the 
size of the pieces must be trimmed to a minimum. In all cases, pieces 
never should be any larger than is absolutely necessary; the smaller the 
bulk, the more perfect the fixation. 

The hardening effect of fixatives should be considered. An excessively 
hardening fixative might lead to difficulties with liver and muscle. Maybe 
some other fixative could be used with less hardening effect. If there is 
any doubt concerning future needs for a tissue, place it in formalin; 
this can be followed by post-fixation treatments. 

Use a large volume of fixing fluid — at least ten times the bulk of the 
tissue if possible. Remove the tissues from the animal and place them 
in the fixative as rapidly as is feasible, thereby reducing post-mortem 
changes to a minimum. In most cases, do not attempt to fix the entire 
organ; it will be too large to allow rapid and complete penetration of 
the fixative. This is particularly true of an organ covered by a tough 
membrane. An ideal piece would be 1 to 2 cm. in size; or place a larger 
piece in the fixative for 15 to 80 minutes, then trim it to smaller size 
and return it to the fixative. This sometimes is necessary when tissue 
is very soft or easily crushed. Trim the piece with a new razor blade or 
sharp scalpel. This will cause less damage than the squeezing action of 
scissors. Do not c rush or tear the tissue while removing it; such material 
is worthless. Never allow tissue to become dry before placing it in the 
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solution. Keep it moist with normal saline and wash off accumulated 
blood with normal saline. Blood retards the penetration of a fixative. 
Gently shake the solution and contained tissues several times to make 
certain that the fluid can reach all surfaces and that pieces are not 
sticking to the bottom or sides of the container. A chunk of glass wool 
may be laid in the bottle to aid in keeping the tissue free of the bottom. 

Thin pieces of tissue that show muscular contraction or that may 
turn inside out (tissues of the gastrointestinal tract are particularly 
likely to do this) may be placed on thick filter paper, outside wall against 
the paper, and dropped in the fixative. Tiny, easily lost specimens, bi- 
opsies, bone marrow, etc., may be wrapped in lens paper or coffee filter 
paper (page 228). 

The length of time required for complete fixation depends on the 
rate of penetration and action of the fixative. Most coagulant fixatives 
produce complete fixation as fast as they can penetrate the tissue. But 
some fixatives, such as formalin, exhibit progressive improvement in 
fixing action after the tissue has become completely penetrated. Pro- 
longed action in this case improves the condition of the tissue and 
rarely is harmful. Occasionally some type of post-fixation treatment as 
noted on page 23 is advisable. 



Washing the Tissue 

After fixation is accomplished, the excess of many fixatives must be 
washed out of the tissue to prevent interference with subsequent proc- 
esses. Often washing is done with running water; sometimes the tissue 
may be carried directly to 50% alcohol or higher. Some technicians 
maintain, for instance, that Bonin’s tissue washed in water may lose 
some of the soluble picrates and that this tissue should be transferred 
from the fixative directly to 50% alcohol. When a freezing step is 
planned, formalin-fixed tissue may be washed a brief moment in water, 
but in rush problems it can be taken from the fixing solution directly 
to the freezing microtome. The presence of alcohol will prevent freez- 
ing action and its use must be avoided, or it must be thoroughly washed 
out before attempting to freeze the tissue. 

When tissue has been fixed with a mercuric chloride solution addi- 
tional treatment is necessary. After washing in 50% alcohol, transfer 
the tissue to 70% alcohol containing enough iodine-alcohol (saturated 
solution of iodine in 70% alcohol) to give the solution a deep brown 
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color. Leave the tissue in this solution from 5 to 8 hours, but not longer. 
If during this time the solution loses color, add some more iodine-alco- 
hol. The iodine removes some, but probably not all, of the excess mer- 
curic chloride precipitate left in the tissue. Later, when staining the 
sections, iodine-alcohol or Lugol’s solution (page 410) must be included 
in the staining series. This should eliminate remaining crystals which 
otherwise will persist as dark clumps and needles in the finished slides. 

After washing, the tissue may be stored for several weeks or months 
in 70% alcohol, but it is always safer to dehydrate and embed as soon 
as possible. Storage in alcohol for long periods of time (a year or longer) 
tends to reduce the stainability of tissues. This is also true after long- 
immersion in chromate and decalcifying solutions, or if traces of acid 
or iodine are present. 

Do not use corked bottles for fixing or for alcoholic solutions; extrac- 
tives from corks can be injurious to tissues. 



Fixing Solutions and their Uses 

Routine Fixatives and Fixing Procedures for 
General Microanatomy 

bouin’s fixative: 24 hours or longer — several weeks cause no damage. 



picric acid, saturated aqueous 75.0 ml. 

formalin 25.0 ml. 

glacial acetic acid 5.0 ml. 



Because of acetic acid content do not use for cytoplasmic inclusions. 
Large vacuoles often form in tissues. Wash in 50% alcohol. The yellow 
color must disappear before staining sections. It usually is removed in 
the alcohol series, but if not, treat slides in 70% alcohol plus a few 
drops of saturated lithium carbonate until the color is extracted. 

bouin-duboscq (Alcoholic Bonin s) fixative (Pantin, 1946): 1-3 days. 



80% ethyl alcohol 150.0 ml. 

formalin 60.0 ml. 

glacial acetic acid 15.0 ml. 

picric acid crystals 1.0 gm. 



Prepare just before using. This is better than Bouin’s for objects dif- 
ficult to penetrate. Go directly to 95% alcohol. 
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buffered formalin: may remain indefinitely, progressive action. 



10% formalin 1000.0 ml. 

sodium acid phosphate, NaII 2 P0 t H 2 0 4.0 gm. 

anhydrous disodium phosphate, Na 2 HP0 4 ... 6.5 gm. 

Wash in water. 



formalin (Baker, 1944): may remain indefinitely, progressive action. 



calcium chloride 1.0 gm. 

cadmium chloride 1.0 gm. 

formalin 10.0 ml. 

distilled water 100.0 ml. 



Wash in water. 

formalin (Baker, 1958): may remain indefinitely, progressive action. 



formalin 10.0 ml. 

calcium chloride (anhydrous) 10% aqueous so- 
lution (10 gm./lOO ml. water) 10.0 ml. 

distilled water 80.0 ml. 

Wash in water. 



helly’s fixative (zenker formol): 6-24 hours. If the tissue seems to 
harden excessively, follow a maximum of 18 hours in fixative with 
a 12-24 hour chromating in 3% potassium dichromate. 



potassium di chromate 2.5 gm. 

mercuric chloride 4. 0-5.0 gm. 

sodium sulfate 1.0 gm. 

(may be omitted, see indifferent salts, page 10) 

distilled water 100.0 ml. 

formalin (add just before using) 5.0 ml. 



Formalin reduces dichromate and should not be left in stock solu- 
tions. The above stock, without formalin, can be used for Zenker’s 
fixative, page 16. Excellent for bone marrow and blood-forming 
organs, also intercalated discs. Wash in running water overnight, 
post-treat for mercuric chloride. Maximow modification: add 10% 
of formalin instead of 5%, and sometimes 10% of osmic acid. The 
latter should be fixed in the dark. 
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hollande bouix’s fixative ( Romcis , 1948): 8 hours-3 days. 

copper acetate 2.5 gm. 

picric acid crystals 4.0 gm. 

formalin 10.0 ml. 

distilled water 100.0 ml. 

glacial acetic acid 1.5 ml. 

Dissolve copper acetate in water without heat; add picric acid slowly 

with stirring. When dissolved, filter, and add formalin and acetic 

acid. Keeps indefinitely. Hartz (1947) recommends this for fixation of 
calcified areas as in lymph nodes or fat necrosis. It is a good general 
fixative. Wash for several hours in 2 or 3 changes of distilled water. 

orth’s fixative (Gatenby, 19^0 and Galigher, 1934): 12 hours at room 
temperature, 3 hours at 37 °C. 



formalin 10.0 ml. 

potassium dichromate 2.5 gm. 

sodium sulfate 1.0 gm. 

distilled water . 100.0 ml. 



Mix fresh. A good routine fixative, also for glycogen and fat. Wash 



in running water overnight. 

Lillie s (1934 B) variation: 

2.5% potassium dichromate 100.0 ml. 

9 formalin 10.0 ml. 

stieve’s fixative ( Romeis , 194S): 24 hours. 

mercuric chloride, saturated aqueous 70.0 ml. 

formalin 20.0 ml. 

glacial acetic acid . 1.0 ml. 



Similar in effect to Susa’s below, but simpler to prepare. Penetrates 
rapidly, good for large pieces. Time not critical. Go directly to 70% 
alcohol. Post-treat for mercuric chloride. 



susa’s fixative ( Romeis , 1948): 24 hours. 

mercuric chloride saturated in 0.0% NaCl 50.0 ml. 

trichloracetic acid 2.0 gm. 

glacial acetic acid . 4.0 ml. 

formalin 20.0 ml. 

distilled water 30.0 ml. 
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Good substitute for Zenker’s if dichromate is not required. Hardens 
less. Rapid penetration. Go directly to 70% alcohol. Post-treat for 
mercuric chloride. 

zenker’s fixative: 4-24 hours. If tissue seems to harden excessively, 
follow a maximum of 18 hours in Zenker’s with a 12-24 hour chro- 
mating in 3% potassium dichromate. 

potassium dichromate 2.5 gm. 

mercuric chloride 4.0-5. 0 gm. 

sodium sulfate 1.0 gm. 

(may be omitted, see indifferent salts , page 10) 

distilled water 100.0 ml. 

glacial acetic acid 5.0 ml. 

Excellent general fixative, fairly rapid penetration. Wash in running 

water overnight. Post-treat for mercuric chloride. Zenker’s may serve 
for Helly’s (page 14) if acetic acid is not added to the stock solution. 



Fixatives for Cell Inclusions and Special Technics 
altmann’s fixative (Gatenby, 1950): 12 hours. 



5% potassium dichromate 10.0 ml. 

2% osmic acid 10.0 ml. 



Good for fat and mitochondria. 
Wash in running water overnight. 



ammerman’s fixative (1950): 2 hours. 

chromium potassium sulfate (chrome alum) ... 3.0 gm. 

formalin 30.0 ml. 

glacial acetic acid 2.0 ml. 

distilled water 238.0 ml. 



Good for yolk-rich material and insect larvae. Do not fix longer than 
2 hours, or swelling occurs. Does not harden and gives good cytologi- 
cal detail. Wash in 70% alcohol or water. 

carnoy fixative ( Gatenby , 1950): 3-6 hours. 



Formula A: 

glacial acetic acid 20.0 ml. 

absolute ethyl alcohol . 60.0 ml. 
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Formula B: 

glacial acetic acid 
absolute ethyl alcohol 
chloroform 



10.0 ml. 

60.0 ml. 

30.0 ml. 



Chloroform is said to make action more rapid. Important fixative for 
glycogen and Nissl substance, but dissolves most other cytoplasmic 
elements. Wash 2-3 hours in absolute alcohol to remove chloroform, 
particularly if embedding in nitrocellulose. 

carnoy-lebrun fixative ( Lillie , 1954B ): 3-6 hours 

absolute ethyl alcohol 15.0 ml. 

glacial acetic acid 15.0 ml. 

chloroform 15.0 ml. 

mercuric chloride crystals 4.0 gm. 

Lee of The M i( rotomist’s Fade Mecum fame considers this a very fine 
fixative. It does not keep; mix fresh. Penetrates rapidly. Wash well in 
alcohol to remove chloroform. 



champv fixative ( Gateuby , 1950): 12 hours. 

potassum dichromate, 3% aqueous (3 gm./lOO 

ml. water) 7.0 ml. 

chromic acid, 1% aqueous (1 gm./lOO ml. wa- 
ter) 7.0 ml. 

osmic acid, 2% aqueous (2 gm./lOO ml. water) 4.0 ml. 



Prepare immediately before use. Good for cytological detail, mito- 
chondria, lipids, etc. Penetrates poorly; use only small pieces of tis- 
sue. Wash in running water overnight. 

dafano fixative ( Romeis , 194 8): 12-24 hours. 

cobalt nitrate 1.0 gm. 

formalin . . ? 15.0 ml. 

distilled water 100.0 ml. 

Wash in water. Good for Golgi apparatus. 

flemming’s fixatives: 1 2—24 hours. 

A. Strong solution 

chromic acid, 1% aqueous (1 gm./lOO ml. wa- 



ter) 15.0 ml. 

osmic acid, 2% aqueous (2 gm./lOO ml. water) . 4.0 ml. 

glacial acetic acid 1.0 nil. 
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Mix just before using. Acts slowly: use small pieces with no blood on 
outside. Wash in running water for 24 hours. 

B. Modification for cytoplasmic study . High acetic content of A 
solution makes it poor for cytoplasm fixation, 
chromic acid, 1% aqueous (1 gm./lOO ml. wa- 



ter) 15.0 ml. 

osmic acid, 2% aqueous (2 gm./lOO ml. water) . 4.0 ml. 

glacial acetic acid 2-3 drops 

C. Weak solution 

chromic acid, 1% aqueous (1 gm./lOO ml. wa- 
ter) 25.0 ml. 

osmic acid, 2% aqueous (2 gm./lOO ml. water) . 5.0 ml. 

acetic acid, 1% aqueous (1 ml./99 ml. water) ... 10.0 ml. 

distilled water 60.0 ml. 



Flemming’s solutions are good for mitotic figures (not suitable for 
general work), but they penetrate poorly, harden excessively, blacken 
material, and interfere with action of many stains. The weak solution 
is a fine fixative for minute and delicate objects. For dense tissues use 
the strong solution. Iron hematoxylin is excellent following these 
fixatives. 

formol-alcohol ( Telly esniczky ) [Lillie, 1954 B): 1-24 hours 



70% ethyl alcohol 100.0 ml. 

formalin 5.0 ml. 

glacial acetic acid 5.0 ml. 



Good for insects and Crustacea. Widely used by Botanists. Transfer 



to 85% alcohol. 

gendre’s fluid (Lillie, 1954B): 1-4 hours, 25°C. 

95% ethyl alcohol saturated with picric acid . 80.0 ml. 

formalin 15.0 ml. 

glacial acetic acid 5.0 ml. 



Good for glycogen. Wash in several changes of 80% alcohol. 
gilson’s fixative ( Gatenby , 1950): 24 hours; may be left several days. 



nitric acid, concentrated 15.0 ml. 

glacial acetic acid 4.0 ml. 

mercuric chloride crystals 20.0 gm. 

60% ethyl alcohol 100.0 ml. 

distilled water 880.0 ml. 
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Good for invertebrate material. Does not give a good histological pic- 
ture; cytoplasm is badly shrunken. Wash in 50% alcohol. Post-treat 
for mercuric chloride. Good for beginners, easy to work with. 

Johnson’s fixative ( Gatenby , 1950): 12 hours. 

potassium dichromate, 2.5% aqueous (2.5 gm./ 



100 ml. water) 70.0 ml. 

osmic acid, 2% aqueous (2 gm./lOO ml. water) 10.0 ml. 

platinum chloride, 1% aqueous (1 gm./lOO ml. 

water) 15.0 ml. 

glacial acetic acid 5.0 ml. 



Contracts spongy protoplasm less than Flemming’s. Wash in water. 

Hermann's modification: 12-16 hours. 

platinum chloride, 1% aqueous (1 gm./lOO ml. 



water) 15.0 ml. 

glacial acetic acid 1.0 ml. 

osmic acid, 2% aqueous (2 gm./lOO ml. water) 2. 0-4.0 ml. 



Better protoplasm than with chromic mixtures. Good nuclear stain- 
ing, but not of plasma. Some shrinkage of chromatin. Without acetic 
it is good for mitochondria. 



kolmer’s fixative: 24 hours. 

potassium dichromate, 5% aqueous (5 gm./lOO 

ml. water) 20.0 ml. 

10% formalin 20.0 ml. 

glacial acetic acid 5.0 ml 

trichloracetic acid, 50% aqueous (50 gm./lOO ml. 

water) 5.0 ml. 

uranyl acetate, 10% aqueous (10 gm./lOO ml. 

water) 5.0 ml. 



Good for entire eye (Wall, 193S) or nerve tissue, due to presence of 
uranium salts. Wash in running water. 

lavdowsky fluid (Swigart et al, I960): 12-24 hours. 



distilled water 80.0 ml. 

95% ethyl alcohol 10.0 ml. 

chromic acid, 2% aqueous (2 gm./lOO ml. water) 10.0 ml. 

glacial acetic acid 0.5 ml. 

Good for glycogen. Transfer to 80% alcohol. 
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navashin’s fixative ( Randolph , 1935): 24 hours. 



Solution A: 

chromic acid 1.0 gm. 

glacial acetic acid 10.0 ml. 

distilled water 90.0 ml. 

Solution B: 

formalin 40.0 ml. 

distilled water 60.0 ml. 



Mix equal parts of A and B just before using. At end of six hours 
change to a new solution for another 18 hours. Useful for preserving 
cellular detail in plant materials; as good as Flemming’s on root tips, 
and less erratic. Transfer to 75% alcohol. 



perenyi’s fixative ( Galigher , 1934): 12-24 hours. 

chromic acid, 1% aqueous (1 gm./lOO ml. water) 15.0 ml. 
nitric acid, 10% aqueous (10 ml./ 90 ml. water) 40.0 ml. 

95% ethyl alcohol 30.0 ml. 

distilled water 15.0 ml. 



Good for eyes. Always when fixing the entire eye make a small hole 
near the ciliary body so the fluids of both chambers can exchange with 
the fixing fluid. For the best fixing results, inject a little of the fixative 
into the chambers. Decalcifies small deposits of calcium; good fixative 
for calcified arteries and glands. Trichromes stain poorly; hematox- 
ylin is satisfactory. Wash in 50% or 70% alcohol. 

regaud ( Kopscli ) fixative ( Romeis , 1948): 4-24 hours. 

potassium dichromate, 3% aqueous (3 gm./lOO 

ml. water) 40.0 ml. 

formalin 10.0 ml. 

Mix immediately before use. Recommended for mitochondria and 
cytoplasmic granules. Tends to harden. Follow fixation by chromat- 
ing several days in 3% potassium dichromate. Renew solution once 
every 24 hours. Wash in running water overnight. 



rossman’s fixative {Lillie, 1954 B): 12-24 hours. 

absolute alcohol, saturated with picric acid . . . 90.0 ml. 

formalin 10.0 ml. 

Good for glycogen. Wash in 95% alcohol. 
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saxfelice fixative (Baker, 19 5 S): 4-6 hours. 

chromic acid, 1% aqueous (1 gm./lOO ml. water) 80.0 ml. 

formalin 40.0 ml. 

glacial acetic acid 5.0 ml. 



Mix immediately before use. Good for chromosomes and mitotic 
spindles. Fix small pieces. Produces less final shrinkage than others 
of this type. Wash in running water. 6-12 hours. 

schaudinn’s fixative (Kessel, 1925): 10-20 minutes for smears, 40°C. 



mercuric chloride, saturated aqueous . 66.0 ml. 

95% ethyl alcohol 33.0 ml. 

glacial acetic acid 5.0-10.0 ml. 



Recommended for protozoan fixation, smears on slides, or in bulk. 
Not for tissue; produces excessive shrinkage. Transfer directly to 
50% or 70% alcohol. Post-treat for mercuric chloride. 



sinha’s fixative: 4-6 days. 

picric acid, saturated in 90% alcohol 75.0 ml. 

formalin 25.0 ml. 

nitric acid, concentrated 8.0 ml. 



Sinha (1953) adds that 5% mercuric chloride may be included; possi- 
bly this means 5 grams per 100.0 ml. of above solution. Recom- 
mended for insects; softens hard parts, but with no damage to internal 
structure. Transfer directly to 95% alcohol. 

smith’s fixative ( Galigher , 1934): 24 hours. 



potassium dichromate 5.0 gm. 

formalin 10.0 ml. 

distilled water 87.5 ml. 

glacial acetic acid 2.5 ml. 



Mix immediately before use. Good for yolk-rich material (Laufer, 
1949). Wash in running water overnight. 

The pH of some fixatives changes after mixing and again after tissue 
is added. This may be a factor worth considering under certain condi- 
tions — when effect on stainabi 1 ity or silver impregnation is important, 
for instance (Freeman et al., 1955). 
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Fixation by Perfusion 

Perfusion (forceful flooding of tissue) is of advantage only for a tissue 
that requires rapid fixation but is not readily accessible for rapid re- 
moval. A prime example is the central nervous system. Many organs are 
not adequately fixed by this method because the perfusion fluid may be 
carried away from rather than to the cells. 

Special equipment necessary for perfusion includes (1) a glass cannula 
which fits the specific aorta to be used; (2) rubber tubing to connect the 
cannula to the (3) perfusion bottle. 

When the animal is dead or under deep anesthesia, cut the large ves- 
sels in the neck and drain out as much blood as possible. Expose the 
pericardium by cutting the costal cartilages and elevating the sternum. 
Cut the pericardium and reflect it back to expose the large arteries. 
Free part of the aorta from the surrounding tissue and place a mois- 
tened ligature behind it. Make a small slit directed posteriorly in the 
wall of the aorta and insert the moistened cannula. Bring the two ends 
of the thread together and tie the cannula firmly in place. Cut open the 
right atrium to permit escape of blood and other fluids. 

Precede fixation with a small amount of saline (50-100 ml.). Fill just 
the rubber tubing leading from the perfusion bottle to the cannula. 
(Separate the saline from the fixative with a clamp near the attachment 
of the rubber tubing to the bottle.) Fill the perfusion bottle with fixa- 
tive (500-1000 ml. depending on size of animal). The fluid should be 
warmed to body temperature. The saline precedes the fixative to wash 
out residue blood before it becomes fixed to the vessel walls. If a forma- 
lin-dichromate fixative is being used substitute 2.5% potassium dichro- 
mate for normal saline. 

When ready to start perfusion, with bottle at table level open clamp 
on rubber tubing. Gradually raise the bottle to increase pressure of 
fluid. Continue to raise the bottle gradually until at a height of 4 to 5 
feet enough pressure is exerted to force out most of the blood. After 
5 minutes, open the abdomen and examine the organ to be perfused. 
If the surface vessels are still filled with blood and the organ has not 
begun to take on the color of the perfusing solution, it is possible that 
the perfusion has failed. But sometimes stubborn cases may require 
10 to 30 minutes to perfuse. When blood color is absent, perfusion is 
complete. 

Observe these suggestions: (1) the cannula used should be as large 
as possible to permit as rapid a flow as possible. This aids in washing 
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out blood ahead of the fixative. (2) If the head alone is to be fixed, clamp 
off the thoracic duct, and if the brain and spinal cord are to be fixed, 
clamp off intestinal vessels. The fixative is then directed toward brain 
and spinal cord. (3) When the perfusion bottle is being filled, allow 
some of the fluid to How through the rubber tubing and cannula to 
release air bubbles. This can also be done with the saline. Air bubbles 
will block the perfusion. (4) Do not allow the injection pressure to ex- 
ceed the blood pressure; artifacts will result. 

If only a small piece of an organ is to be fixed, a modified and easier 
perfusion may be undertaken. Inject the organ with a hypodermic syr- 
inge of fixative. This usually will be found adequate. Immediately after 
injection, cut out a small piece of tissue close to the injection and im- 
merse in the same type of fixative. 

Lillie (19^4 B) lists two disadvantages of perfusion: the blood content 
of the vessels is lost and perfusion cannot be used if post-mortem clot- 
ting is present. But he does favor perfusion as the outstanding method 
for brain fixation, saying that immersion of the whole brain without 
perfusion “can only be condemned.” If whole brain perfusion is not 
possible he suggests the following as the preferred method of fixation 
for topographic study. 

1. Cut a single transverse section anterior to oculomotor roots and interior 
margin of anterior colliculi, separating the cerebrum from midbrain and 
hindbrain. 

2. Make a series of transverse sections through the brain stem and cerebel- 
lum (5-10 mm. intervals) leaving part of meninges uncut to keep slices in 
position. 

3. Separate two cerebral hemispheres by a sagittal section. On sagittal surface 
identify points through which sections can be cut to agree with standard 
frontal sections. Make cuts perpendicular to sagittal surface. Cut rest of 
brain at 10 mm. intervals. 

4. Fix in a large quantity of solution. 

References: Beasley and Beasley (1938); Cowdry (1952); and Lillie 
(1954B). See also Koenig et al. (1945) and Eayrs (1950). 



Post-fixation Treatments 

Chromatization 

2.5-3% aqueous potassium dichromate (2.5-3 gm./lOO ml. water): 
overnight for small gross specimens (l-2cm.), 2-3 days for larger 
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ones; 1-2 hours for sections on slides before staining (may be left 
overnight). 

Wash thoroughly in running water, overnight for large gross tissues; 
15-30 minutes for slides. 

Improves preservation and staining, particularly of mitochondria. 
Deformalization 

The removal of bound formalin frequently is necessary in silver im- 
pregnation methods, such as Ramon y Cajal, del Rio-Hortega methods, 
and the Feulgen technique. 

Lhotka and Ferreira’s (1950) Method 

1. Wash tissue blocks in distilled water: 15 minutes. 

2. Transfer through 2 changes of chloral hydrate, 20% aqueous (20 
gm./lOO ml. water): 24 hours each. 

3. Wash in distilled water: 15 minutes. 

4. Proceed to any method. With silver stains, time of impregnation 
needs to be lengthened: Ramon y Cajal to 2 weeks; del Rio-Hor- 
tega to 24 hours. 

Krajian and Gradwohl’s (1952) Method, on Slides 

1. Place in ammonia water (40 drops ammonia in 100.0 ml. water): 
1 hour. 

2. Wash, running water: 1 hour. 

3. Fix in special fixative if necessary: 1 hour. 

4. Wash, running water: 1 hour. 

5. Proceed to stain. 

Removal of Mercuric Chloride Crystals 
Iodine method: see page 12. 

Gonzalez method ( 1959A ). Gonzalez suggests the following if necessary 
to avoid mordant action of iodine. After fixation, wash for a short 
time, or immerse directly in cellosole (ethylene-glycol-monoethyl- 
ether, Carbide and Carbon Chemical Co.): 24-48 hours, 3 changes. 
Follow with toluene: 1-2 hours; infiltrate and embed. 

Decalcification 

Calcium deposits may be so heavily concentrated that they interfere 
with future sectioning and result in torn sections and nicks on the knife 
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edge. If deposits are sparse, overnight soaking in water will solten them 
sufficiently for sectioning. This is undertaken when the tissue is blocked 
and ready for sectioning (page 55). Heavy deposits may be removed by 
any of several methods. Opinions are varied as to preferred method, 
but do not leave tissues in any of the fluids longer than necessary. If any 
doubt arises concerning completion of decalcification, check for calcium 
by the following method. 

To 5 ml. of the solution containing the tissue, add 1 ml. of 5% so- 
dium or ammonium oxalate. Allow to stand 5 minutes. If a precipitate 
forms, decalcification is not complete. A clear solution indicates it is 
complete. Sticking needles in the tissue to check hardness is sloppy 
technic which can damage the cells. 



Acid Reagents 

After using an acid for decalcification, transfer directly to 70% alcohol 
to prevent swelling in the tissue and impaired staining reactions: 3-4 



hours or overnight. 

a. formic acid 5.0-25.0 ml. 

formalin 5.0 ml. 

distilled water to make 100.0 ml. 



With 5 ml. formic acid content, 2-5 days. If increased to 25 ml. less 
time is required, but with some loss of cellular detail. 

b. formic acid, 50% aqueous (50 ml./50 ml. water) 50.0 ml. 
sodium citrate, 15% aqueous (15 gm./lOO ml. 



water) 50.0 ml. 

c. formalin 10.0 ml. 

nitric acid, concentrated 5.0 ml. 

distilled water 85.0 ml. 



If acidity is a problem for staining, treat with 2% aqueous lithium 
carbonate solution, or 5% sodium sulfate: 6-12 hours, then into 70% 
alcohol. 

d. Citrate-citric acid buffer , pH 4.5 (controlled hy- 



drogen ion concentration) ( Culling, 1957) 
citric acid monofiydrate, 7% aqueous (7 gm./ 

100 ml. water) 5.0 ml. 

ammonium citrate, anhydrous, 7.45% aqueous 

(7.45 gm./lOO ml. water) 95.0 ml. 

zinc sulfate, 1% aqueous (1 gm./lOO ml. water) 0.2 ml. 
chloroform few drops 
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Calcium ions are insoluble at pH 4.5, so buffer solutions may be used. 
Slower than other methods, but no perceptible tissue damage. 

e. Kristensen’s {194 8) fluid is highly recommended. 



8N formic acid (see page 408) 50.0 ml. 

IN sodium formate 50.0 ml. 



(pH 2.2) 24 hours. Wash in running water: 24 hours. 



Pros and Cons in Use of Acid Reagents 

Schajowicz and Cabrini {1955) observe that strong acids, such as nitric 
acid, do alter histochemical behavior of bone and cartilage, and must 
be used with care. Formic acid and citrate do not have this disadvantage 
if used for only a few days. 

Case {1953) added 1% phloroglucinol to formic acid for improved 
cell detail and preservation, and for staining qualities. Culling {1957) 
disagrees and maintains that staining is poor after phloroglucinol. 

Morris and Benton {1956) found 1-2M hydrochloric acid the most 
rapid decalcifier (approximately 3 hours). He found that this produced 
adequate staining reactions if slides were mordanted in 5% aqueous 
ammonium chloride for 30 minutes before staining. 



Ion-exchange-resin Method of Decalcification 

Dotti et al. {1951) theorized that replacing sodium citrate (formic acid- 
citrate mixture) by a cation exchange resin might result in speedier de- 
calcification. The liberated calcium could be removed more rapidly 
from the solution — requiring about half the time necessary for formic 
acid-citrate decalcification. They recommend 40% of resin in formic 
acid. If speed is not essential, they recommend 10% of resin. The resin 
is Win 3000 , ammonium salt of sulfonated resin {Winthrop Stearns Inc., 
N.Y.). 



Electrolysis Method of Decalcification 

The principle of electrolysis is based on the theory that there is an at- 
traction of Ca ion to a negative electrode. The bone is suspended by a 
platinum wire, becoming the anode, and a second platinum wire forms 
the cathode. Then by electrolysis the calcium ions are freed from the 
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bone. 1 Case (1953) considered the electrolysis method to be inferior to 
the use of either nitric or formic acid. Clayden ( 1952 ) and Lillie et al. 
( 1951 ) demonstrated that an increase in temperature accomplished the 
same thing. Probably the rise in temperature was the principal reason 
for speed of decalcification. Culling (1937) agreed that heat speeds np 
decalcification but causes severe swelling and is not to be recommended. 
Lucas (1932) found no evidence that the passage of a current by itself 
accelerated decalcification. Experiments by Lillie et al. (1931) indicate 
that in respect to temperature there is another story. Decalcification at 
room temperature or even cooler produces the best results for staining. 
The present author finds nothing to be recommended about the elec- 
trolysis method. 



Chelating Agents for Decalcification 

These agents during decalcification offer the advantage of maintaining 
good fixation and sharp staining. They are organic compounds that have 
the power of binding certain metals, such as calcium and iron. Versene 
(Dow Chemical Company) or Sequestrene (Geigey Chemical Company), 
the disodinm salt of ethylene diamine tetracetic acid (EDTA), is the 
most commonly used agent. The method does have two disadvantages; 
the tissue tends to harden and decalcification is slow. 

Hilleman and Lee (1933) 

200 ml. of a 5.5% solution of either Versene or Sequestrene in 10% 
formalin, for pieces 40 X 10 X 10 mm. It may require up to 3 weeks. 
Renew the solution at the end of each week. Transfer directly to 70% 
alcohol. 

Vacek and Plackova (1939) 

0.5M solution of EDTA at pH 8. 2-8. 5 yields better results in silver 
methods than does decalcification with acids. 

Schajowicz and Cabriui (1933) 

Versene is here considered the better of the two solutions. The so- 
lution should be adjusted to a pH 7.0 with NaOH and HC1. Hema- 
toxylin and eosin stains as usual, but glycogen is lost, and alkaline 
phosphatase has to be reactivated after chelating agents. 

1 Rone Decalcifier, Portable, Chicago Apparatus Co. Catalog #28-712. 
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Decalcification Combined with Other Processes 

FIXATION-DECALCIFICATION 

1. Lillie ( 1954B ) recommends 1-2 days: 

picric acid, 1-2% aqueous (1-2 gm./lOO ml. 

water) 85.0 ml. 

formalin 10.0 ml. 

formic acid, 90-95% aqueous (90-95 ml. /1 0-5 
ml. water) 5.0 ml. 

Extract some of the yellow: 2-3 days in 70-80% alcohol. 

2. Lillie ( 1954B ) also recommends: 

Add 5% of 90% formic acid to Zenker’s fixative. 



3. McNamara et aL ( 1940 ): 

mercuric chloride 10.0 gm. 

distilled water 300.0 ml. 

Dissolve with heat. Cool. 

trichloracetic acid 30.0 gm. 

distilled water 100.0 ml. 

Dissolve and then add: 

nitric acid, concentrated 5.0 ml. 

95% ethyl alcohol 50.0 ml. 

formalin 40.0 ml. 



Mix the two solutions. Change daily until bone is soft. If more 
than 7 days are required, nuclear staining is impaired. Running 
water: 24 hours; dehydrate and embed. 

4. Perenyi’s fluid, also a fixative, page 20. 

Good for small deposits. Little hardening effect. Excellent cytology 
ical detail. Good for calcified arteries, and glands, thyroid. 12-24 
hours. Wash in 50-70% alcohol. 

5. Schmidt {1956) uses the following for 24-48 hours, pH 7-9: 

4% formalin (4 ml./96 ml. water) plus 1 gm. 



sodium acetate 100.0 ml. 

disodium versenate 10.0 gm. 



No washing necessary. Dehydrate and embed as usual. 
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DECALCIFICATION-DEHYDRATION 

Jenkin’s fluid ( Culling , 1957): 

absolute ethyl alcohol 73.0 ml. 

distilled water 10.0 ml. 

chloroform 10.0 ml. 

glacial acetic acid 3.0 ml. 

hydrochloric acid, concentrated 4.0 ml. 



The swelling action of the acid is counteracted by the inclusion of 
alcohol. Large amounts of solution should be used, 40-50 times bulk 
of tissue. After decalcification, transfer to absolute alcohol for several 
changes, then clear and embed. 

The major portion of this book will be devoted to sectioning methods 
for preparing tissue for staining, because of complexity and quantity of 
such methods. Brief mention, however, should be given to other means 
of examining tissues. 

Exceedingly thin membranes can be examined directly by mounting 
in glycerol or other aqueous media. Considerable detail can be observed 
with reduced light or under the phase microscope. Sometimes a bit of 
stain can be added to sharpen or differentiate certain elements. More 
permanent preparations can be secured with fixation as discussed in 
the preceding pages. 

“Touch” preparations are made by pressing the cut surface of fresh 
tissue against a dry slide. Cells adhere to the surface and can be exam- 
ined unstained, or the slide may be immediately immersed in a fixative 
and then stained. 

Occasionally, free-hand sections of relatively tough tissue are cut for 
examination. 

Smears are one of the commonest devices for simple slide prepara- 
tion: blood and bone marrow (page 219), Papanicolaou (page 357), 
fecal (page 386), and chromosomes (squash preparations, a modification 
of smears, page 367). 

“Cell blocks” — concentrated clusters of individual cells or grouped 
cells — are described in detail on page 38. 



Chapter ^ 
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Preparation for Embedding 

Tissues fixed in aqueous solutions will maintain a high water con- 
tent, a condition that can be a hindrance to later processing. Except in 
special cases (freezing method, water-soluble waxes, and special cell con- 
tents), the tissue must be dehydrated (water removed) before certain 
steps in this processing can be successful. 

Tissues, during fixing and washing, lack an ideal consistency for sec- 
tioning — cutting thin slices of a few microns in thickness. They may be 
soft, or may contain a lumen or hollow spaces and are easily deformed 
by sectioning. If the cells were pierced by a knife, their fluid content 
could be released and this would allow the cells to collapse. To pre- 
clude these problems, the fluids in the tissue are replaced by a medium 
which hardens to a firm, easily sectioned material. The cells are filled 
intracellularly and enclosed extracellularly with the medium and are 
thereby protected during physical handling. The most universally used 
media for this purpose are paraffin and nitrocellulose or some variation 
thereof. Other media, less frequently used, are gelatin and water-soluble 
waxes. 

Various conditions determine the choice of medium. Paraffin is suit- 
able for most histological and embryological purposes when thin sec- 
tions (1-15 y) are required. Thin sections also can be prepared with 
nitrocellulose. Serial sections, however, are made more easily with the 
former than with the latter; also paraffin preparation requires a far 
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shorter time. Impregnating' with nitrocellulose lias distinct advantages 
when it is desirable to avoid heat and when a tissue becomes hard too 
readily, or is too large for the paraffin technic. In nitrocellulose, shrink- 
age is reduced to a minimum, whereas in paraffin it can amount to as 
much as 8-20% of the original size. Gelatin can be used for extremely 
friable tissue in the freezing technic, and water soluble waxes are used 
when alcohols, hydrocarbons and the like must be avoided. 

Before embedding in either paraffin or nitrocellulose, all water must 
be removed from the tissue. This dehydration usually is achieved in a 
series of gradually increasing percentages of alcohol in water. Gradual 
changing through 30, 50, 70, 80, 95% and absolute alcohol is said to 
reduce some of the shrinkage occurring in the tissue. In cases where 
time does not permit such a series, the 30% and 80% steps, and even 
the 50% change, may be eliminated without great damage to the tissue. 
The time required for each step depends on the size of the object — \/ 2 
to 2 hours, maybe 3 hours in extreme cases. A second change of absolute 
alcohol should be included to insure complete removal of water. But 
tissue should remain in absolute alcohol only long enough to remove 
all traces of water; a total of 2-3 hours should be ample, even for large 
pieces. Too long an exposure to 95% and absolute alcohol tends to 
harden the material, making it difficult to section. 

There are other agents which are just as successful dehydrants as 
ethyl alcohol (ethanol). The ideal dehydrating fluid would be one that 
can mix in all proportions with water, ethyl alcohol, xylene and paraffin. 
Two such solutions are dioxane (page 39) and tertiary butyl alcohol 
(butanol). Absolute butyl alcohol is miscible with paraffin, and after 
infiltration with warm (50°C) butyl-alcohol-paraffin mixture, infiltra- 
tion with pure paraffin can follow. If isobutyl alcohol is used, there may 
be some difficulty with impregnation, probably due to the limited mis- 
cibility of this alcohol with paraffin and water. In both cases — tertiary 
and isobutyl alcohol — there is more shrinkage than with other alcohols. 
Isopropyl (99%) alcohol (isopropanol) is an excellent substitute for 
ethyl alcohol, and is sufficiently water free for use as absolute alcohol. 
Actually isopropyl alcohol has less shrinkage and hardening effect than 
ethyl alcohol; it is cheaper and free of internal revenue restrictions. One 
disadvantage must be remembered, isopropyl alcohol cannot be used 
prior to nitrocellulose embedding, since nitrocellulose is practically 
insoluble in it. Also dyes are not soluble in it, so it cannot be used for 
staining solutions. 

For the preparation of dilutions of ethyl alcohol, it is customary to 
use 95% alcohol and dilute it with distilled water in the following 
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manner: if a 70% solution is required, measure 70 parts of 95% alco- 
hol and add 25 parts of distilled water to make 95 parts of 70% dilution. 
In other words, into a 100 ml. graduated cylinder pour 95% alcohol to 
the 70 ml. mark, and then add distilled water up to the 95 ml. mark. 

Absolute alcohol is not accurately 100%, but may contain as much 
as 1 or 2% water. If the water content is no higher than this, the abso- 
lute alcohol is considered 100% for practical purposes in microtech- 
nic. If it is necessary to make certain that the water content is no 
more than 2%, add a few ml. of the alcohol to a few ml. of toluene or 
xylene. If a turbidity persists, there is more than 2% water present. But 
if a clear mixture remains, the alcohol is satisfactory as an absolute 
grade. 

Dilutions of isopropyl alcohol (99%) can be handled as a 100% solu- 
tion; that is, for 70% use 30 ml. water to 70 ml. of alcohol, etc. 

If distilled water is not provided in the laboratory building, a Barn- 
stead Still 1 can provide a sufficient amount of water for an average 
microtechnic laboratory. The stills are available in sizes of l/£ up to 
10 gallons of water produced per hour. A special model will produce 
30 gallons per hour. 



Special Treatment for Small, Colorless Tissues 

Often a tissue is small and lacking in color, and seems to disappear 
into the opaqueness of the paraffin. An easy answer to this problem is to 
add some eosin to the last change of 95% alcohol; the tissue can then be 
seen more readily and oriented with greater facility. This, however, 
cannot be done if isopropyl alcohol is being used, since stains are not 
soluble in it. The eosin will not interfere with future staining; it is lost 
in the hydration series following deparaffinization. 



1 Barnstead Still and Sterlizer Company, 49 Lanesville Terrace, Boston 13, Massachusetts. 
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Clearing, Infiltrating, 
and Embedding for 
the Paraffin Method 



Clearing 

In most technics that require dehydration and infiltration, an inter- 
mediary step is necessary to hurdle the transition between the two. Be- 
cause the alcohol used for dehydration will not dissolve or mix with 
paraffin (exception, tertiary butyl alcohol as noted previously) some 
fluid miscible with both alcohol and paraffin must be used before infil- 
tration can take place. 

I he hydrocarbons benzene , toluene and xylene are reagents com- 
monly used for this purpose, but if the tissue contains considerable 
cartilage, or is fibrous or muscular, thus tending to harden readily, 
sometimes it is wise to avoid these solutions. Xylene, formerly one of 
the most widely used reagents, is the worst offender of the three in this 
connection, and in most cases of clearing for infiltration it should be 
abandoned in favor of one of the other two. Benzene presents fewer 
hardening problems than either of the others, but because of its low 
boiling point (80°C) sometimes is difficult for beginners to use. If a 
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student is too slow while making his transfers from benzene into paraf- 
fin, the benzene may evaporate out of the tissue and leave air pockets. 
These will not infiltrate with paraffin. Of the three reagents toluene 
probably is the safest to use; it does not harden as excessively as xylene, 
and it has a higher boiling point (lll°C) than benzene, thus eliminat- 
ing some of the hazards of evaporation. (Boiling point of xylene, 142°C.) 
In conclusion, benzene produces less shrinkage than either toluene or 
xylene. 

If tissue hardening does present a serious problem, then one of the 
clearing oils can be used. Cedanvood oil is well known and is relatively 
safe for the beginner, but overnight usually is required for complete 
replacement of the alcohol in the tissue. Also, as is true of all oils, every 
trace of oil must be removed during infiltration. Sometimes this condi- 
tion is difficult to judge, since the oil may have a boiling point in the 
200s and be slow moving out of the tissue. The action may be improved 
by mixing oil with an equal amount of toluene. The cedarwood oil 
method is an expensive one involving the use of a costly oil as well as 
absolute alcohol. In this case the latter fluid may not be eliminated. 

Chloroform is used in many laboratories, but has outstanding dis- 
advantages. It dessicates some tissues, connective tissue in particular, and 
has a boiling point of 61 °C, making it highly volatile. Aniline can be 
used with good results but it too is difficult to remove during infiltra- 
tion. A mixture of equal parts of oil of wintergreen (methyl salicylate) 
and aniline followed by pure methyl salicylate , and then methyl sali- 
cylate-paraffin offers quicker and surer results. Methyl salicylate may be 
used alone; also there are bergamot , clove, creosote , terpinol and other 
oils. Amyl acetate and cellosolve (ethylene-glycol-monoethyl ether, Car- 
bide and Carbon Co.) do not harden excessively; the latter, however, is 
highly volatile. 

If at any time during the clearing process the clearer (xylene, toluene 
or benzene) becomes turbid, water is present and the tissue is not com- 
pletely dehydrated. The only remedy is to return the tissue to absolute 
alcohol to eliminate the water, then place it again in a fresh supply of 
clearer. The solution originally used may contain water. Embedded 
tissue containing water can shrink as much as 50%, and it offers diffi- 
culties in sectioning and mounting sections on slides. 

“Clearing” may seem a strange nomenclature for this intermediary 
step, but it happens to be a special property of the reagents mentioned 
above. They remove, or clear, opacity from dehydrated tissues, making 
them transparent. Blocks of tissue appear to deepen in color; also they 
seem almost crystalline, never milky. 
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Infiltration with Paraffin 

Paraffin is considered to be either soft or hard. The melting point 
of the former lies in either the 50-52°C or 53-55°C ranges; of 
the latter in the 56-58°C or 60-68°C ranges. The choice of melt- 
ing point depends upon the thickness at which the tissue is to be 
sectioned, or upon the type of tissue — hard paraffin for hard tissues and 
soft paraffin for soft ones. If relatively thick sections are to be cut, use a 
soft paraffin; otherwise the sections will not adhere to each other in a 
ribbon. If thinner sections are desired, down to a thickness of 5-7 
microns, use a paraffin in the 56-58° grade. For extremely thin sections 
of less than 5 microns, sometimes the best residts can be obtained with 
a hard paraffin of 60-68° melting point. The sections will retain their 
shape and size without excessive compression and will ribbon better 
than if the paraffin is too soft. In addition, room and temperature con- 
ditions can influence the choice of paraffin. Often hot weather will force 
the use of a harder paraffin than might be chosen during cool weather. 
If it is impractical to stock more than one kind of melting point paraffin, 
usually a 56-58°C is the safest choice. 

Except in the case of friable tissues, the following step may be 
omitted. After the tissue is well cleared by benzene or other clearer, 
begin to saturate the solution with fine shavings of paraffin until some 
of the paraffin remains undissolved. Leave the tissue in the saturated 
clearer for 4-6 hours, or overnight for large pieces. Then with a warm 
spatula remove the tissue to melted paraffin already prepared in an 
oven. 

In normal cases which eliminate the preceding step, tissues are trans- 
ferred directly from clearer to paraffin. Keep the oven temperature only 
high enough to maintain the paraffin in a melted state, no higher. This 
lessens the danger of overheated tissue, which can initiate hardness and 
shrinkage. Paraffin standing in a warm oven in a melted condition for 
several days or weeks is better for infiltrating and embedding purposes 
than freshly melted paraffin. After J-l hour in the first bath the tissue 
is removed to a fresh dish of paraffin for a similar length of time. Two 
changes of paraffin are sufficient for most normal requirements, but for 
some cases of difficult infiltration, such as horny skin or bone, a third 
change may be necessary, and the time of infiltration may need to, be 
extended to as much as six hours o\er-all, even overnight. Sue Excises) 
fortunately are rare. ^ ^ 

The use of a vacuum oven for infiltrating will remove air lrom some 
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tissues (lung) and eliminate holes in the final paraffin block. (Weiner, 
1957 ; Luna and Ballou , 1959) 



Embedding with Paraffin 

As soon as the tissue is thoroughly infiltrated with paraffin, it is ready 
to be embedded; the paraffin is allowed to solidify around and within 
the tissue. The tissue is placed in a small container or paper box 
already filled with melted paraffin and the whole is cooled rapidly in 
water. Before transferring the tissue, warm the instruments which 
manipulate it. This will prevent congealing of paraffin on metal sur- 
faces. Handle the tissue and paraffin as rapidly as possible to prevent 
the paraffin from solidifying before the tissue is oriented in it. Orienta- 
tion is important. If the tissue is placed in a known position and care- 
fully marked with a slip of paper in the hardening paraffin (Fig. 9), it 
remains a simple matter to determine the proper surface for sectioning. 
If a paper box is used, the orienting mark may be made directly on one 
of its flaps. 

Each technician eventually adopts his or her own pet embedding 
mold or container. A few suggestions: petri dishes, Syracuse watch 
glasses, shallow stender dishes, test tubes to concentrate solid contents 
of tissue or body fluids, and a neat little dish for tiny pieces — perhaps a 
miniature Syracuse watch glass (watch glasses, U.S. Bureau of Plant 
Industry Model , 20 mm. inside diameter, 8 mm. deep, A. H. Thomas 
Co., #9850). Lightly coat the insides of glass dishes with glycerol; then 
the solidified paraffin block loosens readily. Cast lead L s (Lipshaw 
#534, Diamond embedding boxes) when placed on a small flat metal 
rectangle can be adjusted to almost any size for embedding, and, being 
metal, they cool the paraffin more quickly than glass. Also they break 
loose immediately from the paraffin. Lipshaiu also has a Pop-out Em- 
bedding Mold. 

Paper boxes may be fashioned according to Figs. 1, 2, 3. Perhaps the 
one advantage of these is that they and any data recorded on them can 
be left permanently on blocks which have to be stored. The Lipshaw 
Company offers a disposable mold, called the Peel-A-Way Disposable 
Embedding Mold. These molds are made of lightweight plastic, avail- 
able in five sizes, and are easily broken at the corners so the sides can be 
peeled down and the moll pulled away. Perforated tabs to fit can be 
purchased. Various devices such as refrigerator trays with their dividers 
can be used for embedding a number of large pieces of tissue. Lipshaw 
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offers an embedding combination with 20 or 30 compartments. The 
literature and catalogs are full of ideas; the above are just a few of them. 

When small amounts of paraffin are ready to be solidified, they can be 
cooled immediately in water, preferably at a temperature of 10-15°C. 
Make certain that a solidified scum has formed over each potential block 
before dipping it below the surface of the water. Water colder than 
10°C causes the block to contract too strongly and it may finally crack. 
Furthermore, normal crystals may form in the center, but abnormal 
ones in the periphery of the block. The perfect block is one in which the 
paraffin crystals are contiguous with each other and the paraffin appears 
clear and homogeneous. Paraffin may contain 7-15% air dissolved in it 
and will appear clear when that air is distributed evenly through its 
mass. But pockets of air produce milky spots, a condition called “crystal- 
lization. ” Either slow hardening of the block in the air, or too rapid 
cooling may cause this effect, particularly in the case of large blocks. 
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Quick hardening of outer surfaces will trap the air. When these prob- 
lems arise, cool the blocks from the bottom, and with a hot instrument 
keep the upper surface melted for a short time, thus releasing some of 
the air. Then blow across the top until a scum forms, and ease the block 
into water. This treatment also prevents excessive shrinkage in the 
center of the block and the enclosed tissue. ( Dempster , 1944.) 

If the paraffin does crystallize, difficulty may be encountered during 
sectioning; the only remedy is to return the block to melted paraffin, 
allow it remelt and repeat the embedding process. Experienced tech- 
nicians soon learn how fast to handle the paraffin and reduce crystalliza- 
tion to a minimum. 

Thoroughly hardened paraffin blocks can be stored indefinitely with- 
out injury to the tissue, but they must be kept in a cool place where they 
cannot soften or melt. 



Embedding Cellular Contents of Body Fluids 

“Cell blocks” are clusters of individual cells which have been concen- 
trated and embedded for sectioning. The process for embedding them 
is as follows: 

1. Collect the material in centrifuge tubes and add fixative: 1 hour, or over- 
night. Agitate occasionally. 

2. Concentrate by centrifuging (preferably in small tubes); decant and add 
water or alcohol depending on requirement of fixative. Loosen material 
at bottom of tube and stir with small glass rod: 5-10 minutes, or longer. 

3. Centrifuge and decant. Add next solution and stir thoroughly. Dehydrate 
in this manner, and clear: approximately 10-15 minutes for each step 
depending on size of particles. 

4. Add melted paraffin and place tube upright in a glass or beaker in oven. 
Stir slightly with warm instrument to work paraffin to bottom of tube: 30 
minutes. Stir a bit once during this period. 

5. Cool test tube. 

6. Break tube. Place paraffin block in tiny paper box in a small dish of 
paraffin in the oven. Leave only long enough for block to begin to soften. 
Quickly cool paper box. 

Clark (1947) suggest an alternate method: 

1. Warm tube carefully in water, slightly warmer than paraffin. As soon as 
paraffin against glass melts, tip tube and allow paraffin block to slide out. 
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2. Mount block in a small hole dug in a square of paraffin and blend two 

together with a warm needle or spatula. 

Farnsworth {1956) transfers minute pieces with a pipette to a piece of lens 
paper lying on a blotter. The latter absorbs the fluid, then the lens paper 
bearing the tissue is laid flat on the surface of melted paraffin. She embeds 
in depression slides wiped with glycerine. 

Arnold {1952) concentrates small organisms in agar and carries through with 
the usual processes. 

[See also DelVecchio et al (1959); DeWitt et al (1957); McCormick 
(1959B); Seal (1956); Taft and Arizaga-Cruz (I960).] 

Dehydration and Clearing Combinations 

Dioxane Method. 

Any procedure which shortens the processing time for embedding has 
considerable merit and finds favor among technicians. In 1931 an article 
appeared concerning a reagent, which dehydrated as well as cleared in a 
minimum of steps. Graupner and Weissberger {1931) proposed the use 
of dioxane (diethyl dioxide), miscible with water, alcohol, hydrocarbons 
and paraffin. It seemed to eliminate some shrinkage and hardening, and 
was a relatively inexpensive method because fewer solutions were re- 
quired. Dioxane itself, however, is far more costly than alcohol. 

Some technicians claim that it has other disadvantages. Conn {1939) 
cautioned that dioxane was cumulatively toxic and that it should not 
be used by any person with liver or kidney trouble. Xavasquez { 193 *>) 
reported that dioxane toxicity for animals was relatively low, that there 
was no accumulative effect, and that a tolerance would develop. Such 
cases as were noted in man came after a period of heavy exposure to the 
vapor. It was acute, not a chronic, poisoning. Fairly et al. {1936) said 
there is some evidence that toxic effects are clue to oxidation products: 
oxalic acid and diglycolic acid, which are considered to be non toxic to 
man. Perhaps it is well to be cautious; use dioxane only in a well- 
ventilatecl room and away from the nose. Avoid unnecessary soaking of 
hands in it. Keep dioxane containers tightly closed at all times. 

Because of its low tolerance to water, carelessness in the use of 
dioxane can lead to trouble. If the tissue shrinks (it may shrink as much 
as 40-50%) during infiltration with paraffin, water is present. The 
author has seen this happen frequently for beginning students. Stoivell 
{1911) reported 35% shrinkage with dioxane and further condemned it, 
saying that some brands already contain at least 10% water and other 
impurities even before use. Cloudiness appears at 1% water content. 
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Miller’s Schedule for Dioxane (1937) 

1. Move directly from fixative into dioxane 3 parts, distilled water 1 
part: |-1 hour. 

2. Dioxane: 1 hour. 

3. Fresh dioxane: 2 hours. 

4. Paraffin 1 part, dioxane 1 part (in paraffin oven): 2-4 hours. 

5. Paraffin: overnight. 

6. Embed. 

Many technicians consider it advisable to place anhydrous calcium 
chloride in the bottom of the dioxane container during dehydration as 
an aid in removal of all water, thereby reducing the possibility of carry- 
ing water into the paraffin. Mossman (1937) observed that dioxane reacts 
with CaClo and makes it swell as though water is present. He suggested 
that CaO (calcium oxide) is better, but feels that this step is unnecessary. 

If a fixative containing potassium dichromate is used, the tissues must 
be washed thoroughly before using dioxane; otherwise the dichromate 
will crystallize. 

Tetrahydrofuran (THF) for Dehydration 

Hanst (1958; 1959) recommends THF for dehydration for several 
reasons. It mixes with water in all proportions, also with paraffin de- 
pending upon temperature, becoming increasingly miscible as the 
temperature rises. It is miscible with nearly all solvents and can be used 
as a solvent for mounting media. Most dyes are not soluble in THF, but 
iodine, mercuric chloride, acetic acid and picric acid are soluble in it. 
THF has a low boiling point (65°C) so it evaporates rapidly and must 
be kept tightly closed at all times. It has to be regenerated occasionally 
to remove accumulated peroxides and water. 

Haust’s Method, Following Fixation 

1. THF 1 part, water 1 part: 2 hours. 

2. THF, 3 changes: 2 hours each. 

3. THF 1 part, paraffin 1 part, 53-54°C: 2 hours. 

4. Paraffin: 2 hours. 

5. Embed. 

Tetrahydrofuran, highest quality, can be obtained from Eastman 
Kodak Co.; and Fisher Scientific Co. 

The Fisher Company in The Laboratory; Clinical Edition (28; #CA, 
1960), suggests that instead of repurifying THF over metallic sodium, a 
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simpler and safer way involves passing the THF through a column of 
activated alumina. 
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Size 10 =b mm . — smaller pieces will require less time, larger pieces 
more time. 

Schedule Using Ethyl Alcohol 

1. A general fixative: overnight or 24 hours. (Bouin’s, Susa’s, Stieve’s, 
Formalin, Zenker’s 1 ) 

2. Wash in water, running if possible: 6-8 hours or overnight. Excep- 
tions: Bouin’s, Susa’s and Stieve’s fixed tissue can be transferred 
directly to 50 or 70% alcohol without washing. 

3. Transfer to 50% alcohol: 1 hour. 

4. Transfer to 70% alcohol: 1 hour. 

(See special iodine treatment for mercuric chloride fixatives, page 

12 ) 

5. Transfer to 95% ethyl alcohol: 1 to U hours. 

6. Transfer to absolute ethyl alcohol #1: 4 to 1 hour. 

7. Transfer to absolute ethyl alcohol #2: 4 to 1 hour. 

8. Transfer to toluene #1: 4 to 1 hour. 

9. Transfer to toluene #2: J to 1 hour. 

10. Transfer to melted paraffin #1: 4 to 1 hour. 

1 1. Transfer to melted paraffin #2: } to 1 hour. 

12. Embed. 

Alternate Schedule Using Isopropyl Alcohol 
( steps 1 through 4 the same as above) 

5. Transfer to isopropyl alcohol #1: 4 to l hour. 

6. Transfer to isopropyl alcohol #2: 4 to 1 hour. 

7. Transfer to toluene it 1 : 4 to 1 hour. 

8. Transfer to toluene #2: 4 to 1 hour. 

9. Transfer to melted paraffin # \ : 4 to 1 hour. 



1 If tissue fixed in Zenker’s tends to harden, do not leave it overnight in the fixatixc; 
transfer to 3-5% aqueous potassium dichromate for overnight, then proceed as usual on 
schedu le. 
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10. Transfer to melted paraffin #2: 4 to hour. 

11. Embed. 

If the tissue is well hardened by the fixative, it is not necessary to 
dehydrate the tissue through a number of graduated steps, such as 50, 
GO, 70, 80, 95% and absolute alcohol. Even the elimination of the 50% 
and G0% steps is possible when time presents a problem; also the use of 
isopropyl alcohol materially shortens the schedule. 

In passing tissues from one fluid to another, use the decantation 
method. This avoids excessive manipulation with forceps and reduces 
injury to the tissue. After pouring off a solution, drain the tissue bottle 
briefly against a paper towel or cleansing tissue to pull off as much as 
possible of the discarded solution. This reduces contamination of the 
new solution. Since 95% alcohol, absolute alcohol, clearers and melted 
paraffin all contribute to the hardening of the tissue, avoid leaving it 
in any of these fluids for longer than the maximum time (preferably 
leave only for the minimum period), and never overnight. Effective 
infiltration takes place only when the paraffin is actually melted. Partly 
melted, “mushy” paraffin penetrates poorly, if at all. 

Automatic Tissue Processors 

Most large laboratories now handle the foregoing processes by ma- 
chine; the changes are controlled with a timing device, and the tissues 
are shifted automatically through a series of beakers or other type of 
container. The timing device can be set on a schedule to handle the 
changes during the night in order that the tissues will be ready for 
embedding when the technician arrives at the laboratory in the morn- 
ing. Small metal or plastic receptacles with snap-on lids hold the tissues 
and labels, and are deposited in a basket which clips into the bottom of 
the lid of the instrument. When the time arrives for removal of the 
tissues to a new solution, the lid rises and rotates to lower the basket 
into the next container. The two final beakers are thermostatically con- 
trolled paraffin baths. The technician can set the timing device for any 
interval desired — 15 minutes, 30 minutes, 1 or more hours, etc. — over 
a period of 24 hours. The newest models have a clock which can control 
the instrument over a week end or several days. (The above description 
applies to the Autotechnicon of Technicon Company.) 

There are several tissue processors on the market; in addition to the 
Autotechnicon , there is a Lipshaw model, and the Tissnematon of the 
Fisher Scientific Company. Complete operational directions are sup- 
plied with all models. 
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Microtomes 

The first instrument for cutting sections was made by Cummings in 
1770. It was a hand model that held the specimen in a cylinder and 
raised it for sectioning with a screw. In 1835, Pritchard adapted the 
instrument to a table model by fastening it to a table with a clamp and 
cutting across the section with a two-handled knife. These instruments 
were called cutting machines until Chevalier introduced the name 
microtome in 1839. Sliding cutting machines were developed in 1798, 
rotary microtomes in 1883 and 1886, and the Spencer Lens Company 
manufactured the first clinical microtome in 1901. The large Spencer 
Rotary with increased precision became available in 1910. ( Richards , 
1949) 

1. The rotary microtome for paraffin sections; the most widely used method. 

2. The sliding microtome for nitrocellulose (celloidin) sections; not always 
the most practical method, slow and expensive, but often unexcelled for 
hard and large objects such as eyes, bone and cartilage, also in cases when 
shrinkage must be kept to a minimum. 

3. The clinical (freezing) microtome for unenibedded tissues; quick, cheap, 
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and required for some processes when certain cell components must be 
retained, such as fat and enzymes, also for immediate diagnosis. 

4. The ultra-thin sectioning microtome for sections thinner than 1 micron, 
electron microscopy. Only for special technics and not commonly found in 
laboratories. 

5. The base sledge microtome for exceedingly large tissues (brains) and hard 
blocks of tissues. Only for special technics and not commonly found in 
laboratories. 

Microtomes should always be kept well oiled to prevent parts from 
wearing unnecessarily or sticking. Either of the latter faults can cause 
imperfect sectioning — sections of variable thickness. Obtain advice 
from an expert concerning the parts to be kept oiled, and consult the 
booklet accompanying the instrument. The best oil recommended for 
this purpose is Pike Oil , manufactured by Behr-Manning , Troy , N.Y. , a 
Division of Norton Co., Abrasives. 



Microtome Knives 

There are three familiar types of microtome knives: 

1. The plane-edge for frozen sections and paraffin ribbons. 

2. The biconcave used sometimes for paraffin work. 

3. The plane-concave for celloidin, sometimes for paraffin. 

Because knives seem to demand hours of attention, they often become 
the technician’s nightmare, and the task of keeping them in optimum 
condition presents problems. 

Theoretically, a perfect cutting edge is the juncture of two plane 
smooth surfaces meeting at as small an angle as is feasible — ideally 14° 
as suggested by Dr. Lorimer Rutty ( Krajian and Gradwolil , 1952, page 
28). These cutting surfaces are called the cutting facets. The cutting 
edge of a very sharp knife, when examined by reflected light under 100 
magnifications, appears as a fine discontinuous line. It may vary slightly 
in width, but it should show only a slight reflection, a narrow, straight 
bright line. At a higher magnification of about 500 times, the edge will 
have a finely serrated appearance. The fineness or coarseness of these 
serrations depends on the degree of success in sharpening the knife. The 
facets are determined by the “back” which is slipped on the knife during 
sharpening to raise it just enough to form these facets (Fig. 4). Every 
knife must have its own back. Never interchange backs. The back must 
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fit tight enough so that it does not move about on the knife. When it 
shows considerable wear, buy a new one, because as the back wears the 
cutting facets are widening. Do not ram the knife into the back; hold 
the knife in one hand and the back in the other and work it on gradually 
with a rocking motion. 

The importance of taking good care of a knife cannot be overem- 
phasized. Clean it after use; some materials like blood and water, when 
left on the knife edge, corrode it. Clean with xylene on soft cleansing 
tissue and finally wipe it dry. Do not strike the edge with hard objects 
(section lifter, dissecting needle); the edge can be damaged or dented. 



Sharpening Knives 

The glass plate has had the longest and most successful use as a sharpen- 
ing instrument. In 1857 von Mohl used a thick glass plate; a rotating 
one was developed by von Apathy in 1913, and a vertical one by Long 
in 1927. Leather strops were advocated in 1922, and a couple of years 
later carborundum hones, followed by finer grained hones or stropping 
on canvas or leather. Many argue against a strop, saying that a knife 
can be honed sharp enough for good sectioning. If, however, there are 
fine serrations, gentle stropping frequently can remove them and im- 
prove the cutting ability of the knife. 

If a glass plate is used, it should be at least ^ of an inch thick, 
approximately 14 inches long, and an inch or two wider than a micro- 
tome knife. Levigated alumina (approximately 1%) added to a neutral 
soap solution is excellent for sharpening; the polishing should be done 
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Figure 5. First set of strokes for microtome knife honing . 



with Diamantine — a small amount. A final stropping will finish off fine 
serrations ( Uber , 1936). 

Arthur H. Thomas manufactures a knife sharpener, the Fanz model, 
using a revolving glass disc over which the knife is swept back and forth. 

Some pointers on the use and care of hones and strops may be of 
help to beginners. Never apply oil to hones, only water and neutral soap 
solution or Lava soap. Never allow the hone to dry while in use; always 
keep it wet with water, or water plus soap. Two types of hones can be 
used, a coarse one for fast grinding of the knife edge when the nicks are 
deep, and a polishing hone to remove serrations and small amounts of 
metal left by the preliminary honing. A yellow Belgian hone is one of 
the best. 

Two patterns are followed, using the same number of strokes per 
pattern. In Fig. 5 follow course #1, moving from bottom right to top 
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Figure 6. Second set of strokes for microtome ioiife honing . 



left, roll knife over on its back, and return over same path in opposite 
direction (course #2) moving from top left to bottom right — 3 or 4 
times. Move knife toward left into position in Fig. 6 and follow course 
#3, moving from bottom left to top right, and return from top right 
to bottom left (course #4) — same number of times as above. Repeat 
these strokes on hone until deep nicks and scratches are eliminated. 

When all nicks and deep serrations have been removed (check under 
dissecting scope), the knife is ready to be stropped, a final polishing 
action. Do not use a sagging hammock-like strop unless it can be held 
tightly flat, otherwise it rounds the knife edge. The best type is 
mounted on a felt pad on a hardwood block. This allows a bit of 
cushion, but on a solid surface. With a soft cloth keep the strop surface 
clean and free of dust. Rubbing the leather with the hand improves 
the texture. Do not use mineral oil on it. If the leather becomes dry, 
work in Neetsfoot oil, working over small areas at a time, not the entire 
strop. Buff with soft towelling at once; do not allow the oil to sit on it 
and soak in or develop a gummy mess. 
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Figure 7. First set of strokes for microtome knife stropping. 



Lipshaw offers several block strop combinations; the revolving one is 
especially handy. 

First use a honing strop, usually made of pigskin with a fine abrasive 
embedded in it. Then follow with the finishing strop, a fine-grain horse- 
hide. The two patterns for stropping are similar to those of honing, but 
with the cutting edge moving away from the strop. (Figs. 7, 8) Repeat 
these strokes on the honing strop until fine abrasions caused by the hone 
have been smoothed away, then polish with a few strokes on the finish- 
ing strop. Only a dozen strokes on the latter should be necessary if the 
preliminary honing and stropping have been properly done. While 
honing and stropping, use both hands, left one on the back and adjacent 
knife surface, and the right hand on the handle. Press on lightly , guid- 
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Figure 8. Second set of strokes for microtome knife stropping. 



ing with both hands and with uniform pressure from both. Always use 
the same pressure on the forward strokes as on the return ones. Never 
hurry honing or stropping; use at least one full second for each stroke. 

Mechanical knife sharpeners are on the market; almost every scien- 
tific supply company has at least one. One of the best, an automatic 
sharpener, is now in production by the American Optical Company. 
Most technicians develop a fancy for one type in preference to others; 
the author, therefore, considers it expedient not to offer any recommen- 
dation. 

If the cost of microtome knives and their maintenance is prohibitive 
for a class of beginning students, the Spencer Razor Blade Holder can 
be used to advantage. A student can use a razor blade once and throw it 
away if the edge has become dull, or sharpen it up a bit on an old knife 
strop. 
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The life of the sharp edge of a good knife can be prolonged if the 
technician has another knife for the preliminary trimming of paraffin 
blocks. After undesirable parts of the tissue block have been trimmed 
away, the good knife can be substituted for the old one, and the re- 
quired sections collected. 
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Paraffin Method 



Sectioning 

The embedded blocks (Fig. 9) are trimmed into squares or rectangles, 
depending on the shape of the tissue, with two edges parallel (Fig. 10). 
The two short or side edges need not be parallel, sometimes with ad- 
vantage as will be indicated later. Wooden blocks or metal object discs, 
such as are sold by supply houses ( Upshaw #S00), are covered with a 
layer of paraffin. ( Suggestion : Keep a 1-inch brush in a beaker of melted 
paraffin in the paraffin oven.) Then a heated instrument (spatula or 
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slide) is held between the paraffin on the object disc and the under 
surface of the tissue block (Fig. 1 1). When both surfaces are melted, the 
instrument is withdrawn and the tissue block pressed firmly into the 

paraffin on the object disc. 
After cooling, the block is 
ready to be sectioned (Fig. 
12 ). 

Set the Rotary micro- 
tome for section thickness 
(5 or 6 microns, etc.) . Raise 
the tissue carrier and place 
in it the object disc with 
its mounted tissue block. 
Tighten the clamp of the 
tissue carrier onto the stem 
of the object disc. If using 
a wooden block, allow it to 
extend about \ inch be- 
yond the metal clamps; this 
will prevent the paraffin 
block from breaking loose 




Mounting paraffin tissue block 
on an object disc. 



Figure 11 



from the wooden block when the clamp is tightened. 

Insert the microtome knife and tighten its clamps. The knife must 
be held in the clamps at a proper angle for optimal sectioning, produc- 
ing a minimal amount of compression, and allowing the sections to 
adhere to each other. Many suggestions can be made concerning angle 
determination, but in most instances the technician finds the answer 
after a process of trial and error. The cutting facets are small as deter- 
mined by the back. When placed in the microtome, the knife must be 
tilted just enough so the cutting facet next to the block and the surface 
of the block clear each other. If the tilt is not sufficient (Fig. 13), the 
surface of the block is pressed down with the wedging effect of the facet 
and no section results. At the next stroke of the knife, this compression 
increases, and finally a thick section is cut, a composite of the com- 
pressed sections. Too great a tilt of the knife makes it scrape through 
like a chisel, rather than cut through the tissue (Fig. 14). 

Turn the feed screw handle (left side of instrument), moving the 
feed mechanism backward or forward until the face of the tissue block 
barely touches the cutting edge of the knife. With an old knife start 
trimming into the block until the desired area is reached. Change to a 
good knife and readjust tissue carrier if necessary. Never touch the edge 
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of the knife with anything hard. Fragments of paraffin can be flicked 
off with a camel hair brush, or removed with a finger tip. Scratches 
appearing in sections often can be remedied by rubbing the knife edge 
with a finger tip, up- 
wards. Also try this 
motion on the back of 
the knife; it will re- 
move bits of para- 
ffin which can cause 
scratches. Cleansing 
tissue dipped in xy- 
lene also is helpful. 

(Warning: discard the 
first section after 
cleaning the knife; it 
probably is a thick 
one.) When all sec- 
tioning is completed, 
xylene must be used 
to clean the knife; 
leave no corrosive ma- 
terial on its edge. 

Section with an easy rhythm; never rush, or variable thickness of 
sections is likely to occur. As the sections move down on the knife they 
form a “ribbon,” each section adhering to the one that precedes it as 
well as t fie one that follows it. During the cutting of the sections, a bit 
of heat is generated, enough to soften the paraffin and cause the indi- 





Figure 12. Tissue blocks mounted on an object 
disc or ivooden block and ready for sectioning . 




